Background: Transcatheter aortic valve replacement (TAVR) has been validated for the treatment of severe symptomatic aortic stenosis in patients at high and intermediate surgical risk. Recently, TAVR has been proposed as an alternative to medical therapy in inoperable patients with severe native aortic valve regurgitation (NAVR). This multicenter international registry sought to evaluate safety and efficacy of TAVR with the self-expandable ACURATE neo valve in a cohort of patients with NAVR. Methods: A total of 24 patients with severe NAVR treated by TAVR between September 2016 and October 2018 in 13 European centers were included. Clinical, procedural and follow up data were inserted in a dedicated database. Outcomes were codified according to Valve Academic Research Consortium-2 criteria. Results: Mean age was 79.4 years, 58.4% were female. Mean EuroSCORE II and STS score were 5% and 3.9%, respectively. Device success was 87.5%. Moderate paravalvular leak (PVL) was found in two (8.3%) of patients, both with a perimeter oversizing index <10%. Implantation of a second device was necessary in three cases (12.5%), one for severe PVL and two for device displacement. New pacemaker implantation rate was 21.1%. At 30 days, stroke and all-cause mortality rates were 0% and 4.1%, respectively. Conclusions: This multicenter study suggests good feasibility and early safety of transfemoral TAVR with the self-expandable ACURATE neo device in patients with severe NAVR refused for surgery. Rates of moderate PVL, new pacemaker implantation and need for a second valve were higher than those reported for TAVR in aortic stenosis.
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Introduction
Transcatheter aortic valve replacement (TAVR) has become the standard of care for inoperable and high surgical risk patients affected by symptomatic severe aortic stenosis (AS), as well as an alternative to surgery for patients at low-to-intermediate risk [1] [2] [3] [4] . With over 500,000 procedures performed in more than 70 countries, TAVR has changed the paradigm in the treatment of AS [5, 6] . Growing operators' experience and new transcatheter heart valve (THV) iterations have led to an expanded use of TAVR for the treatment of other valvular heart diseases when the patient is refused for surgery. Among these, native aortic valve regurgitation (NAVR) has always been considered a relative contraindication to TAVR because of the absence of calcification [7] [8] [9] [10] [11] [12] [13] , which hinders THV anchoring and increases the risk of prosthesis embolization. However, some initial experiences of TAVR for NAVR have been reported, mainly with CoreValve TM (Medtronic, Ireland) and Edwards Sapien (Edwards Lifesciences, USA) systems [14, 15] . The self-expanding ACURATE neo valve (Boston Scientifics, USA) carries design features -such as the presence of stabilization arches -that may help to anchor the valve in the absence of calcifications as well as to ensure coaxial alignment, deployment stability and good sealing, but data on its use in the setting of NAVR are scant [16, 17] . Thus, this international multi-center registry aimed to evaluate the feasibility and early safety of TAVR with the ACURATE neo THV in a cohort of inoperable patients with NAVR.
Methods

Study design and patient population
The present study is an observational, non-randomized, multicenter registry including patients who underwent transfemoral TAVR with the ACURATE neo device. Inclusion criteria were as follows: (1) symptomatic severe NAVR (defined by transesophageal echocardiography according to current guidelines [1] , with a mean transvalvular gradient <20 mmHg and a peak aortic jet velocity on continuous-wave Doppler of <2.5 m/s); (2) surgical aortic valve replacement refusal by the Heart Team; (3) anatomical features compatible with transfemoral ACURATE neo implantation (native annulus perimeter 66-85 mm, perimeter derived diameter 21-27 mm, absence of severe ascending aortic dilation [1] ). Surgical risk was calculated using the European System for Cardiac Operative Risk Evaluation II (EuroSCORE II) and the Society of Thoracic Surgery (STS) score [18, 19] . Patients were informed about the off-label use of the ACURATE neo in NAVR. The registry was approved by the institutional review board of each institution according to the Declaration of Helsinki.
The device
The ACURATE neo THV consists of a self-expandable nitinol stent frame with porcine leaflets in a supra-annular position (Fig. 1A) . It is available in three sizes (23 mm, small; 25 mm, medium; 27 mm, large) covering an aortic annulus diameter between 21 and 27 mm. The stent frame is made of an upper and a lower crown, facilitating correct valve fixation in a sub-coronary and supra-annular position. The inflow part of the stent frame has a pericardial skirt to prevent paravalvular leakage (PVL). In the outflow part of the stent frame, three stabilization arches are used to align the bioprosthesis in the ascending aorta during deployment.
TAVR procedure
All patients underwent multidetector computed tomography (CT-scan) to characterize aortic valve and aortic root anatomy. The total amount of calcifications was assessed semiquantitatively and graded from none to severe as described else- where [20] . Procedures were performed under general anesthesia or conscious sedation according to local practice. The femoral access site was routinely pre-closed using Proglide or Prostar closure devices (Abbott Vascular, USA). The sequence of valve deployment is shown in Fig. 1B . Paravalvular leakage was assessed by aortography and echocardiography [21] [22] [23] .
Endpoint definitions and clinical follow-up
Procedural outcomes and clinical events were adjudicated according to Valve Academic Research Consortium (VARC)-2 definitions [24] . The primary endpoint was device success defined by VARC-2 criteria. Secondary endpoints were all-cause and cardiovascular mortality rates at 30 days and 1 year, rehospitalization due to cardiac causes, post-procedural PVL at 30 days and other 30-day major clinical endpoints defined according to the VARC-2 criteria [24] . Follow-up was conducted through clinical visit or telephone interview and scheduled at 30-day and 1-year. The severity of PVL was assessed semi-quantitatively and graded using transthoracic echocardiography at each institution according to established criteria [1] .
Statistical analysis
Data were analyzed with IBM SPSS Ò (version 24, SPSS, USA). The normality of the distribution for continuous variables was tested using the Shapiro-Wilk test. Continuous variables were presented as means ± standard deviation or median (minimum-maximum or interquartile range [IQR]), as appropriate. Categorical variables were presented as frequencies and percentages. Technical and procedural success rates were calculated as percentages of the total number of patients. Paired continuous parametric variables were compared using the paired Student's t-test.
Results
Baseline characteristics
A total of 24 consecutive patients from 13 centres treated for severe NAVR with the ACURATE neo THV between September 2016 to October 2018 were included in the registry. Baseline characteristics are summarized in Table 1 . The median age was 79.4 years (range 50-88), 14 patients were female (58.4%). Mean EuroSCORE II and STS were 5 ± 4.05% and 3.9 ± 2.37%, respectively. Contraindication to surgical aortic valve replacement was based on prohibitive surgical risk, as well as other factors such as previous cardiac surgery (12.5%), end-stage liver failure (4.1%), dialysis (4.1%) and/or combination of other comorbidities. Mean left ventricular ejection fraction was 48%, while mean end-diastolic diameter was 60 mm. At CT-scan, mean perimeter-derived diameter was 23.4 mm (range 20-26.3 mm), and approximately one-half patient had trivial or absent valve calcification (43.4%). Mean ascending aortic diameter was 34.5 mm (range 22-45.2). One patient (4.1%) had a bicuspid valve.
Procedural data
Procedural data are summarized in Table 2 . According to VARC-2 definitions, device success was obtained in 21 patients (87.5%). Device failure was primarily due to implantation of a second device in 3 cases, in one case for severe PVL, in the other two because of displacement of the first THV. Notably, device migration occurred in patients with mild aortic calcifications. The second valve implanted was an Edwards Sapien 3 (Edwards Lifesciences, USA) in two cases and ACURATE neo in one case. Rapid pacing was used in 5 patients (23.8%). Post-dilation was performed in 4 patients (16.6%). Moderate PVL occurred in two cases (8.3%) ( Fig. 2A) . Intraprocedural mortality was 0%. Mean perimeter oversizing was 10.93% (5-20%). Both cases of valve migration were associated with a perimeter oversizing <10%. On the contrary, a perimeter oversizing >10% was associated with absent or trivial PVL in all cases (Fig. 2B) .
Outcome data
In-hospital, 30-day and 1 year outcomes are depicted in Table 2 . In-hospital mortality was 4.1%. In fact, one prohibitive surgical risk patient with severe left ventricular dysfunction died of heart failure. One patient experienced a major vascular complication One patient died after a major gastro-intestinal bleeding three months after TAVR, the other after a pacemaker lead endocarditis complicated with sepsis after four months from the procedure.
Discussion
The main findings of the current study, evaluating the largest available cohort of inoperable NAVR undergoing TAVR with the ACURATE neo THV, are as follows: (1) In this population of NAVR subjects refused for surgery, 30-day all-cause mortality was 4.1%, without any case of stroke; (2) Device success was 87.5%, the occurrence of moderate PVL was about 8% (with no case of severe PVL), while implantation of a second device was necessary in 12.5% of procedures; (3) Device success was achieved in all patients with a perimeter-based oversizing >10%, at the cost of higher new pacemaker implantation rates.
TAVR indications have been expanded not only to inoperable or high surgical risk patients, but also to intermediate and low-risk subjects with severe AS [1, 2, 5, [7] [8] [9] [10] [11] 25] . Pure NAVR has been considered a challenging scenario for THV implantation because of the frequent association with large aortic annulus and minimal aortic valve calcification [1] . Early experiences with first generation devices showed low rate of device success (79.1%) driven by high rates of second valve implantation and significant postprocedural PVL [26, 27] . Since then, the only approved valve system to be used in pure NAVR has been the transapical JenaValve TM (JenaValve Technology, Germany), with a reported device success rate of 96.5% [28, 29] . In the last few years, advancement of device technology and increasing operators' experience led to an increased off-label use of TAVR in inoperable NAVR patients [14, [30] [31] [32] . In 2017 Yoon et al [15] published the largest registry of TAVR in patients with pure NAVR, reporting a device success rate as high as 81% with new generation THVs. In the latter study, ACURATE valve implantation rate was 1.5% and the ACURATE neo was not used at all.
In our study, the largest available on ACURATE neo valve for NAVR, THV implantation was feasible in all patients, and VARC-2 defined device success was 87.5%. This valve has design features that may help to anchor the valve even in the absence of calcification as well as to ensure coaxial alignment, deployment stability and good sealing, minimizing the risk of annular rupture and PM rate [14, 16, 29, 31, 33] . In our series, occurrence of moderate PVL was about 8% and implantation of a second THV was necessary because of device displacement or severe PVL in 3 patients (12.5%). These rates, although higher than those reported for the treatment of AS, are similar to those reported in NAVR series with different types of devices [15] [16] [17] . The 30-day and 1-year mortality rates were low (4.1% and 11.7%, respectively) and consistent with those reported in previous studies including patients with similar baseline surgical risk [7] [8] [9] 34] . Moreover, our findings compare favorably with those of other smaller series on the ACURATE neo for NAVR patients [16, 17] .
In order to maximize TAVR device success in NAVR patients, particular attention should be paid during pre-procedural planning to device sizing. Several registries [20, 24, 35] and one metaanalysis [34] suggested that a relatively higher degree of device oversizing was associated with a reduction in post-procedural PVL rates, at the price of a higher PM rate. In our study, mean perimeter-based oversizing was 11% (range 5-25), slightly higher than previous experiences [17] . To note, an oversizing <10% was seen more often in patients post-procedural moderate PVL or y Data are presented as mean ± standard deviation. § Data are expressed as median (min-max). BAV = balloon aortic valvuloplasty; PVL = paravalvular leakage; CHF = congestive heart failure Early safety (VARC-2): combined endpoint at 30 days including all-cause mortality, all stroke, life-threatening bleeding, acute kidney injury stage 2 or 3, coronary artery obstruction requiring intervention, major vascular complication and valverelated dysfunction requiring repeat procedure. Clinical efficacy (VARC-2): combined endpoint after 30 days including all-cause mortality, disabling or non-disabling stroke, or hospitalizations for valve-related symptoms or worsening congestive heart failure implantation of a second valve. On the contrary, no patient with an oversizing >10% experienced any of these two complications. However, likely because of the low number of included patients, this association was not found to be statistically significant. Thus, larger studies are needed to confirm these findings. New pacemaker implantation rate was as high as 21.1%, almost double than that reported in other studies including patients with AS treated with the same device [32, 36, 37] , but similar to other series dealing with NAVR [17] . Again, new pacemaker implantation was numerically higher in patients with an oversizing >10%. Importantly, a higher degree of oversizing did not result in any case of annular rupture, likely because of the low degree of aortic valve and left ventricular outflow tract calcification in our patients [33] . Finally, it is important to acknowledge that 1-year mortality and rehospitalization rates were higher than those of other TAVR studies on AS patients. This confirms previous findings reporting poorer outcome for inoperable NAVR patients as compared to AS subjects with similar risk profile [15, 28] . To this regard, we should note that most of our patients had moderate-severe left ventricular dilatation, over one third had reduced left ventricular ejection fraction and more than 50% had moderate or severe mitral regurgitation. This emphasizes the importance of adequate patient selection and optimal timing of TAVR in NAVR patients in order to improve overall survival.
Limitations
Limitations of this multicenter analysis include the relative low number of patients, as well as the lack of independent echocardiography core laboratory and event adjudication committee. Clinical and echocardiographic outcomes were self-reported, with inherent limitations and potential bias. Moreover, since the follow up was limited to one year, no inference about THV durability [38, 39] in the setting of NAVR can be made. Given the low rate of bicuspid aortic valve in our population, these results should not be generalized to patients with severe NAVR in the setting of bicuspid AS, for which TAVR is known to carry worse procedural outcomes [40, 41] . Moreover, ours represents a selected NAVR population mostly affected by organic aortic valve disease, and results should not be extended to functional NAVR in the setting of severe ascending aorta dilatation.
Conclusions
This preliminary experience on the largest available cohort of inoperable NAVR patients treated by transfemoral TAVR with the ACURATE neo THV suggests good feasibility and early safety of this approach. These results need to be confirmed by larger prospective studies in this population. Future device iterations should be aimed at reducing residual PVL, need for implantation of a second valve and pacemaker implantation in the setting of NAVR.
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